The fracture surfaces of a metallic-glass (amorphous) ribbon reinforced glass-ceramic and metallic ribbon reinforced glass matrix composite were studied. The features observed in the fracture surface of the brittle matrix were interpreted in terms of fast and slow crack growth in these composites, The implications of the nature of this crack growth on the toughness of such composites was also investigated, Metallic ribbon reinforced composites can show high longitudinal strength coupled with good off-axis properties [1] [2] [3] [4] [5] [6] . There is a potential of using such ribbon reinforcements for glass and glass-ceramic matrices [4] [5] [6] .
Metallic ribbon reinforced composites can show high longitudinal strength coupled with good off-axis properties [1] [2] [3] [4] [5] [6] . There is a potential of using such ribbon reinforcements for glass and glass-ceramic matrices [4] [5] [6] .
The effect of ribbon orientation on the toughness of such ceramic matrix composites has been described in detail in an earlier study [5] . One of the primary factors identified as being responsible for the enhanced energy absorption during fracture was the rate of crack growth in the matrix, the crack growth in the ribbon being always slow and stable because the ribbon is metallic and ductile.
The energy absorbed by the brittle matrix can be written in terms of two components, viz., a slow or stable component G ms , and a fast or unstable component Gmr. The stable component of the total fracture energy of the matrix is dissipated over the area of slow crack growth As. Since the crack propagation in the ribbon is also slow, we can combine the two areas of slow crack growth, and subtract it from the total area of the composite to obtain the total area of rapid or unstable crack growth in the matrix. We can write for the total energy absorbed by the matrix, Gem, as Gem = G ms (AsiA) + Gmd I -[A r + As]/A} (I) where A r is the total cross sectional area of the ribbons and A is the cross section of the composite sample.
The energy required for propagating an unstable crack is much greater than that for propagating a stable crack in a brittle material [7] . Hence, Gmf = KG ms where K is a constant greater than 1.
Substituting Eq. (2) into Eq. (1) and rearranging, we can write
where C and D are some other positive constants.
(2) (3) Equation (3) indicates that Gemdecreases proportionally with As..the area of slow crack growth in the matrix. We wish to show in this work that As can be determined from the fracture surface of a composite, and thus we can determine the total energy absorbed by the matrix during fracture. Figure I show fractographs of a metallic-glass ribbon (METGLAS 2605S-2) reinforced glass-ceramic matrix (CORNING CODE 7572) composite. The regions of slow (S) and fast (F) crack growth in the matrix are delineated. The arrow indicates the direction of crack propagation. The unstable crack travelling in the matrix is arrested at the ribbon-matrix interface because of the strong bonding present between the matrix and ribbon. The crack front is decelerated in the ductile ribbon. Once the crack front has traversed the entire expanse of the ribbon, it is ready to exit and travel into the matrix. However, the rest of the crack front (which was not intercepted by the ribbon) has already traversed a large distance in the matrix. The energy conditions existing at this exit point are identical for the intercepted and unintercepted crack. Hence the intercepted crack front has to accelerate in order to catch up with the rest of the crack front. In doing so, it dissipates a larger amount of energy, since it does not have the chance to choose the path ofleast resistance. The features observed in this fast region are transgranular in nature, as compared to the intergranular features observed over the rest of the sample surface, where the crack has travelled at a relatively slower speed. Figure 2 represents the interactive effects of two metallic-glass ribbons in close vicinity to one another. It can be clearly observed that the extent of fast crack growth (and hence the energy absorbed) is greatly magnified in this case. Figure 3 shows micrographs of the fracture surfaces of a NICHROME ribbon reinforced BORO-SILICATE glass matrix composite. The regions ofslow and fast crack growth once again are visible, though not as clearly as in the previous case. This is because of the relatively weak bonding present in the case of this system. In this case the arrested crack (at the ribbon interface) has to deflect and traverse around the ribbon. Once it has done that it accelerates and tries to catch up with the rest of the crack front. In conclusion, a fractographic examination provides an easy way ofestimating the fracture energy of metallic ribbon reinforced ceramic matrix composites. Such examinations when used in conjunction with other mechanical tests can be used in characterizing the properties of such composites.
